Objective: To disaggregate composite food codes used in the UK National Diet and Nutrition Survey (NDNS) into their individual food components in order to provide a more complete estimate of intake at the individual food level. Methods: A total of 3216 composite food codes from the NDNS food composition databank were subject to disaggregation. The main food components used were meat, fish, fruit, vegetables and cheese, which were further divided into 26 subcategories. Results: It was shown that previous determination of meat containing composite food codes provided an overestimate of meat intake and underestimate of additional components such as fruit and vegetables. Conclusions: By incorporating disaggregated data into NDNS, variations will be seen in consumption of some main food groups, but these variations may be also attributable to trends in consumption.
Introduction
The National Diet and Nutrition Survey (NDNS) is a rolling programme that is funded by the UK Food Standards Agency and Department of Health and led by a consortium comprising the National Centre for Social Research, The Medical Research Council Collaborative Centre for Human Nutrition Research and the Joint Surveys Team at University College London. NDNS aims to provide information regarding the current nutritional status of the UK population, as well as presenting information on changing dietary habits. The data obtained by the NDNS will be used to monitor progress towards dietary targets and will provide the evidence base to support a range of Government activity in relation to diet and health.
When reporting food intakes in epidemiological studies, there has become an increasing need to quantify the amount of food eaten as part of composite dishes, as well as their discrete portions, in order to provide more accurate estimates of the total food consumed (Cosgrove et al., 2005) . This is particularly relevant to NDNS when comparing reported dietary intake data with adherence to UK public health nutrition messages, such as five-a-day for fruit and vegetables (Department of Health, 2002) and the consumption of two portions of fish, including one portion of oily fish, per week (Scientific Advisory Committee on Nutrition, 2004). Previous NDNS separated different types of meat into beef, lamb and pork, for example, but because of constraints in the food grouping systems of the NDNS food composition databank (FCDB) (Smithers, 1993) , composite dishes were also included intact into these subdivisions (Prynne et al., 2008) . For example, a lasagne containing minced beef is held within the food group 'Beef and veal dishes', which were historically regarded as 100% meat, although the dish is known to also contain significant proportions of cereals and vegetables. Food codes within the NDNS FCDB that pertain to composite dishes may relate to purchased or homemade foods. By their nature, these composite food codes contain a variety of components in varying proportions (Fitt et al., 2009) , which lead to differences in nutrient content. In studies using the same FCDB, intakes for meat, fruit and vegetables were subsequently reported as a total of their discrete portions, together with estimates of intake from composite dishes following the application of a set of predetermined factors (Henderson and Gregory, 2002, Nelson et al., 2007) , which ultimately led to both an overestimation of meat and an underestimation of fruit and vegetable intakes.
This project was designed specifically for the NDNS rolling programme. By disaggregating composite food codes into their individual food components, a more complete estimate of intake at the individual food level can be achieved, while still capturing overall consumption of the composite dish.
Materials and methods
The main food components to be disaggregated were meat, fish, fruit, vegetables and cheese, which were further divided into 26 subcategories as shown in Table 1 .
Specific meat subcategories of sausages, burgers and grilled steaks were included. This was because of the interest in purchasing behaviours for these product types, as well as the other foods they are consumed with, as opposed to the type of meat they contain. Vegetables were categorised by genus and total carotenoid content. For the purpose of this project, all fresh tuna was disaggregated as oily fish, with canned tuna having its own subcategory because of differences in fatty acid composition. Cheese was divided into whey-based cottage cheese and other cheese (non-whey containing).
When commencing this project, there were a total of 4821 codes for food and drink items within the NDNS FCDB, of which 3216 could be described as composite food codes (mixed dishes compiled from two or more single-ingredient food codes). A total of 37.1% (n ¼ 1791) of food codes did not fall into any disaggregation subcategories of interest, such as eggs, potatoes, milk and cream and some cereal-based foods such as bread. All 1605 single-ingredient food codes were assigned to a single disaggregation group as 100% where appropriate, including fruit juice, fruit, vegetables and cheese. The remaining composite food codes were disaggregated into all relevant subcategories.
All food codes in the NDNS FCDB were subject to disaggregation, both single-ingredient and composite food codes. Various methods were used to gather detailed information on the individual components of composite dishes in the NDNS FCDB, including manufactured product information from packaging, standard recipes from McCance and Widdowson's 'The Composition of Foods' (Food Standards Agency, 2002) and homemade recipes from NDNS respondents' food diaries. In instances in which recipe details were not available for specific food codes, we considered the food composition data to estimate proportions of known food components, such as haem iron data to provide an estimate of meat content in some composite food codes. Vitamin A retinol equivalent values gave an approximate disaggregation percentage for the tomato content of sauces, and condiments and fructose were used to help estimate the amount of fresh and dried fruits contained in cakes and puddings. Dried vegetables were scaled up on the basis of the water content of the food code, which was of particular importance in food codes for products rehydrated for consumption, such as dried soup powders.
Disaggregation data were entered as g/100 g within the NDNS survey database, known as DINO (Diet In Nutrients Out) as shown in Figure 1 , with a field for each disaggregation subcategory, date of data compilation and a comments box to record any additional information relating to the data. Table 2 shows a selection of foods commonly consumed in NDNS, with disaggregation values for all relevant subcategories that were found within the composite food code.
Results
As already mentioned here, composite food codes containing a meat component were previously reported as 100% meat because of constraints in the food grouping structure of the FCDB, which often led to an overestimation of meat consumption and possible underreporting of vegetable intakes. Figure 2 displays the disaggregated values of a composite food code for Bolognese sauce alongside classification before disaggregation. It can be seen that, by presuming a 100% meat content, there would be an overestimation of meat intake by 44%, in an average portion of 145 g, an additional 63.8 g of the composite considered to be meat, which is in fact the vegetable content of the food code. Before disaggregation, these vegetables would not have been identified but it can be seen that they represent a notable proportion of the food code with the average portion of 145 g contributing to almost one 80 g serving of the recommended five-a-day guideline.
Discussion
This project was designed to provide more accurate consumption data at the food level by disaggregating both composite and single-ingredient food codes within the UK NDNS FCDB. We can postulate that incorporating these disaggregated data into NDNS will demonstrate variations in consumption of some main food components such as meat, fruit and vegetables, compared with previous estimated intakes. However, it would be unclear whether any variations in intake could be attributed to trends in consumption or as a result of the disaggregation work. The importance of accurately reporting meat intake has already been documented (Cosgrove et al., 2005 , Prynne et al., 2008 . Further examination of the disaggregation data will enable accurate comparisons to be made of current UK intakes against World Cancer Research Fund recommendations of 71 g per day (World Cancer Research Fund, 2007) . For example, without disaggregation, a portion of Bolognese sauce would contribute the average portion of 145 g as red meat consumption, whereas the meat content of the recipe used to establish the food code is only 56%. By extending the same argument to other composite red meat dishes, we may find that red meat consumption is much lower than previously estimated. This more accurate estimation of meat consumption could bring about a reassessment of the contribution of red meat and processed meat products, which are reportedly linked to increased incidences of some diet-related diseases such as colorectal cancer (Lewin et al., 2006 and Norat et al., 2005) and hypertension (Muira et al., 2004 and Steffen et al., 2005) .
More precise estimations of fruit and vegetable intake are of equal public health importance when assessing the compliance of a population group to dietary guidelines such as five-a-day. Previous NDNS reported fruit and vegetable intakes of 2.7 portions per day for males and 2.9 portions per day for females. These data were based on discrete portions and the application of factors, which were calculated at 40 and 45% of the overall weight for vegetable and fruit containing composite dishes, respectively (Henderson and Gregory, 2002) . Studies have reported an increase of 26-29% vegetable intake when including disaggregated composite food codes, together with a 4-11% rise in fruit intake (KrebsSmith et al., 1995; O'Brien et al., 2003) .
To our knowledge, the NDNS is the first national nutrition survey to disaggregate food codes from its FCDB for such a wide variety of food types. These disaggregated food data will be applied to dietary intakes reported in the NDNS rolling programme and enable better assessments to be made of how current dietary intakes compare with UK recommendations.
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